UNCLASSIFIED 


Defense  Technical  Information  Center 
Compilation  Part  Notice 

ADP014312 

TITLE:  Correlation  Between  Magnetic  Property  and  Cation  Distribution  in 
Z-type  Hexagonal  Barium-Ferrite  [Ba3Co[2-x]Fe[24+x]04I]  by  Neutron 
Diffraction 

DISTRIBUTION:  Approved  for  public  release,  distribution  unlimited 


This  paper  is  part  of  the  following  report: 

TITLE:  Materials  Research  Society  Symposium  Proceedings.  Volume  746. 
Magnetoelectronics  and  Magnetic  Materials  - Novel  Phenomena  and 
Advanced  Characterization 

To  order  the  complete  compilation  report,  use:  ADA418228 

The  component  part  is  provided  here  to  allow  users  access  to  individually  authored  sections 
of  proceedings,  annals,  symposia,  etc.  However,  the  component  should  be  considered  within 
the  context  of  the  overall  compilation  report  and  not  as  a stand-alone  technical  report. 

The  following  component  part  numbers  comprise  the  compilation  report: 

ADPO 14306  thru  ADPO 14341 


UNCLASSIFIED 


Mat  Res.  Soc.  Symp.  Proc.  Vol.  746  © 2003  Materials  Research  Society 


R5.4 


Correlation  between  Magnetic  Property  and  Cation  Distribution  in  Z-type  Hexagonal 
Barium-Ferrite  (Ba3Coi.rFe2^r04i)  by  Neutron  Diffraction 

Yukio  Takada1,  Takeshi  Tachibana1, 2,  Takashi  Nakagawa1,  Takao  A.  Yamamoto1 , Takeshi 
Shimada2  and  Shinji  Kawano3 

'Graduate  School  of  Engineering,  Osaka  University,  Suita  Osaka  565-0871  Japan. 

2Sumitonio  Special  Metals  Co.,  Ltd,  Shimamoto  Osaka  618-0013,  Japan. 

3 Research  Reactor  Institute,  Kyoto  University,  Kumatori  Osaka  590-0490,  Japan. 

ABSTRACT 

Z-type  hexagonal  ferrite  samples  in  which  cobalt  is  partially  substituted  with  iron, 
Ba3Co2.,Fe24+/5<i  (x  = 0, 0.2, 0.4, 0.6),  were  prepared  by  the  ceramic  process  under  a sintering 
oxygen  partial  pressure,  Po2=  21.3  or  101.3  kPa,  at  1573  K.  The  influence  of  the  substitution 
ratio  and  oxygen  partial  pressure  on  the  complex  permeability  was  investigated  by  examining  the 
cobalt  distribution  over  various  cation  sites  in  the  Z-type  structure  with  the  neutron  powder 
diffraction  analysis  performed  at  294  K (neutron  wave  length  was  1 .006A).  The  neutron 
diffraction  pattern  was  studied  with  the  Rietveld  method.  A significant  difference  in  the 
preferential  occupation  of  cobalt  on  various  kind  of  cation  sites  was  observed  between  the 
samples  obtained  under  P02  = 21.3  and  101 .3  kPa.  Almost  all  cobalt  atoms  are  on  the  1 2k 
octahedral  site  at  the  boundary  between  S-  and  R-blocks  in  the  sample  of  x = 0,  Pea  = 21.3  kPa. 
On  the  other  hand,  in  the  sample  of  x = 0,  Pea  = 101 .3  kPa,  cobalt  atoms  are  as  well  on  other  sites, 
the  12k  octahedral  site  at  the  boundary  between  S-  and  T-blocks,  the  4e  tetrahedral  site  in 
S-block,  the  2 a octahedral  site  in  T-block  and  the  Id  five  fold  (trigonal  bypiramid)  site  in 
T-block. 


INTRODUCTION 

In  recent  years,  rapid  progress  of  information  society  has  been  promoting  downsizing  of 
various  electronic  devices.  In  this  trend,  portable  computer  and  mobile  phone  systems  have  been 
prevailing  and  becoming  cordless,  which  needs  improvements  in  the  device  integration 
technology  and  processing  signals  with  much  higher  frequency  (from  MHz  region  to  GHz). 
Electromagnetic  noises  radiated  from  these  devices  must  be  also  in  GHz  region,  so  that 
obstruction  and/or  interference  in  normal  operation  are  concerned  [1].  Therefore, 
electromagnetic  noise  absorbent  materials  effective  even  in  the  GHz  band  have  been  required, 

Z-type  hexagonal  barium  ferrite  Ba3C02Fe24O.11  is  a promising  candidate  material  because  of 
its  high  permeability  even  at  high-frequency  region  of  GHz  [2],  However,  it  is  not  easy  to 
prepare  the  Z-type  hexaferrite  material  as  a single  phase.  Impurities  of  Y-  (Ba2Co2Fei2022)  and 
W-  (BaCo2Fei6C>27)  phases  easily  occur  and  degrade  resultant  permeability  because  their  intrinsic 
permeabilities  are  lower  than  that  of  the  Z-type.  We  investigated  synthesis  conditions  for 
obtaining  single  phase  material  of  the  Z-type  hexaferrite  varying  temperature,  oxygen  partial 
pressure  and  substitution  ratio  of  cobalt  for  iron.  We  found  that  a higher  oxygen  partial 
pressure  and  substitution  of  cobalt  for  iron  are  favorable  for  occurrence  exclusively  of  the 
Z-phase  and  then  for  higher  permeability  [3],  We  examined  neutron  diffraction  (ND)  patterns 
of  the  Z-phase  samples  by  the  Rietveld  analysis  in  order  to  investigate  sites  occupied 
preferentially  by  iron  or  cobalt  ions.  We  have  already  reported  the  results  on  iron-substituted 
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Z-type  hexaferrite  Ba3Co2-xFe24M04i  (x  = 0, 0.2, 0.4, 0.6)  sintered  at  P02  = 101 .3  kPa  [4],  In 
this  paper,  we  report  on  results  on  the  samples  sintered  at  P02  = 21 .3  kPa  and  compare  them  with 
the  previous  results  in  order  to  study  correlation  between  the  permeability  and  the  site  occupation 
preference. 


EXPERIMENTAL 

The  samples  with  various  compositions,  Ba3C02.xFe24r.rO41  (x  = 0, 0.2, 0.4, 0.6)  were 
prepared  by  the  ceramic  method  as  already  reported  [4],  Stoichiometric  amounts  of  BaC03, 
C03O4  and  Fe203  powders  were  mixed  in  a ball-mill  with  deionized  water  for  24  hours.  They 
were  dried  and  calcined  at  1273K  in  air,  crushed  and  shaped  into  pellets.  They  were  then  sintered 
at  1573  K for  16  hours  under  an  oxygen  partial  pressure  of  21.3  or  101.3  kPa.  Their  X-ray 
diffraction  (XRD)  patterns  were  measured  in  the  range  of  diffraction  angle  20=  15  -100°  at 
intervals  of  0.02°.  The  neutron  diffraction  (ND)  patterns  at  294K  were  obtained  by  using  the  TAS 
spectrometer  in  a double  axis  mode  at  the  beam  line  of  KUR-TAS-B2  in  Kyoto  University 
Research  Reactor.  The  sample  powder  was  set  in  a vanadium  cylindrical  container  with  20-mm 
diameter.  The  neutron  flux  at  the  sample  position  was  about  lO’cm'V.  The  diffraction  angle  26 
was  traced  in  the  range  of  7.5  - 42.5°.  Its  angle  step  zt2  ftvas  0.1°  and  the  measured  time  at  each 
step  was  90  s.  These  XRD  and  ND  diffraction  patterns  at  room  temperature  were  examined 
with  the  Rietveld  method  analysis  in  order  to  optimize  parameters  regarding  the  crystal 
structures  [5].  The  XRD  data  was  first  analyzed  for  determining  atomic  coordinates  and  lattice 
parameters,  and  then  the  ND  pattern  was  analyzed  for  determining  the  distribution  of  magnetic 
ions  Fe  and  Co. 


CRYSTAL  STRUCTURE  OF  Z-TYPE  HEXAGONAL  FERRITE 

The  crystal  structure  of  the  Z-type  hexagonal  ferrite,  Ba3Co2Fe240,)i,  is  a complex  one  which 
consists  of  44  atomic  layers  stacking  up  along  the  c-axis.  In  this  structure,  S,  R and  T blocks  are 
ordered  as  RSTSR*S*T*S*,  where  the  asterisk  indicates  rotation  of  each  block  by  180°  around 
the  c-axis.  Figure  1 describes  a part  of  atomic  arrangement  on  (110)  plane,  in  which  iron  and 


Figure  1.  Partial  schematic  illustration  of  atomic  sites  in  Z-type  hexagonal  ferrite  as  a view  from 
[ 1 10J  direction.  Attached  labels  are  mentioned  in  the  text. 
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cobalt,  represented  as  Me,  are  not  distinguished.  Me4  and  Me8  sites  are  respectively  on 
boundaries  of  T-S  and  S-R  and  labeled  bl  and  b2.  Attached  marks  to  the  labels,  -A,  -B  and  -5, 
show  that  each  Me  ion  are  in  tetrahedral,  octahedral,  and  five  fold  (trigonal  bypiramid)  sites, 
respectively.  The  crystal  structure  is  represented  by  a space  group  of  P6ilmmc,  and,  ideal  atomic 
coordinates  and  lattice  parameters  were  reported  as  a = 5.88  A,  c = 52.31  A by  Vinnik  [6], 
Atomic  coordinates  of  Ba,  Me  (Co  and  Fe)  and  O given  by  this  space  group  are  tabulated  in 
Table  1.  Ba  ions  are  distributed  over  two  sites  labeled  Bal  and  Ba2,  and  iron  and  cobalt  ions  over 
ten  sites  labeled  Mel-MelO  [7]. 


RESULTS  AND  DISCUSSION 

First,  we  performed  XRD  pattern  refinement  starting  with  the  ideal  atomic  coordinates 
tabulated  in  Table  1.  In  this  refinement,  we  have  imposed  several  restrictions  on  performing 
refinements;  (1 ) only  Z-coordinates  are  allowed  to  change,  while  X-  and  Coordinates  are  kept 
constant.  (2)  two  sites  on  a plane  normal  to  c-axis  share  a Z-cooidinate;  Bal  -01 , 02-03,  04-05, 
06-07  and  08-09.  (3)  atomic  coordinates  of  Ba2,  Mel , MelO  and  010  are  kept  constant  in 
order  to  conserve  the  crystal  symmetry.  Mel-MelO  sites  for  iron  or  cobalt  ions  are  assumed  to 

Table  1.  Initial  Atomic  coordinates  of  Z-type  hexagonal  ferrite  and  Results  of  the 


Space  group  Wtj/mmc 

Initial  atomic 
coordinates  of 

Sites  Description 

a«S.S*(A) 
c * 52.31  (A) 

Refined  structural  parameters  for  BajCoj  Je2,„04l 


Remark)  Coordinates  in  italic  are  invariables. 
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Figure  2.  A typical  result  of  present  Rietveld  refinement  for  XRD  diffraction  patterns  of  Poi  = 2 1 .3  kPa. 

be  filled  only  with  iron,  because  X-ray  scattering  factors  of  iron  and  cobalt  ions  are  almost  same 
and  they  are  indistinguishable.  Thus  optimized  atomic  coordinates  and  lattice  parameters, 
shown  in  Table  1,  were  then  submitted  to  ND  pattern  refinement.  On  the  ND  pattern 
refinement,  another  three  restrictions  were  imposed  in  addition  to  those  mentioned  above;  (4)  the 
valences  of  iron  and  cobalt  ions  are  Fe1*  and  Co2+,  and  the  moment  sizes  are  5 and  3 /ft, 
respectively.  (5)  the  valence  of  iron  ion  substituted  for  cobalt  is  Fe2+  with  moment  size  of  4 //&. 
(6)  these  moments  orientate  up  or  down  as  shown  in  Table  1 [9].  Thus  optimized  atomic 
coordinates  are  as  well  tabulated  in  Table  1 for  comparison  with  those  obtained  from  XRD  data. 

Typical  results  of  the  present  Rietveld  analyses  for  XRD  and  ND  are  respectively  shown  in 
Figs.  2 and  3,  in  which  experimental  plots  and  refined  patterns  are  together.  Both  are  for  the 
samples  sintered  at  P02  = 21.3  kPa.  It  is  noticed  that  deviation  of  the  profile  from  the  data 
around  peaks  due  to  (00/)  planes  was  of  significance  in  the  XRD  refinements  whilst  not  in  the 
ND.  This  significant  deviation  is  reasonably  ascribed  to  preferential  orientation  of  (000  planes 
normal  to  the  XRD  specimen  plate  [4, 8].  The  sample  of  the  ND  was  just  a powder  charged 
into  a cylinder  without  any  compression  and  therefore  free  from  such  orientation.  The 
S-parameters  associated  with  the  present  refinements  are  given  at  the  bottom  of  the  table. 


10  15  20  25  30  35  40 
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Figure  3.  A typical  result  of  present  Rietveld  refinement  for  ND  diffraction  patterns  of  Poi  = 2 1 .3  kPa. 
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Table  2.  Iron  and  Cobalt  site  distribution  determined  by  the  Rietvelt  refinements 


of  the  neutron  diffraction  data  of  Pm  = 2 1 .3  kPa. 


Previous  our  measurements  on  temperature  dependence  of  the  ND  patters  clearly  indicated 
that  the  peaks  in  a range  of  10  - 15 0 are  caused  by  the  magnetic  scattering  from  ordered 
magnetic  ions  [4].  The  Rietveld  refinement  of  the  ND  patterns  can.  therefore,  throw  light  on  the 
distribution  of  iron  and  cobalt  ions  over  the  ten  sites,  Mel -Me  10,  and  orientation  of  the  magnetic 
moment.  Table  2 shows  thus  estimated  occupation  ratios  of  cobalt  located  in  these  sites  and 
angle  between  the  moment  vector  and  the  c-axis.  Magnetic  moment  angles  with  c-axis  listed  at 
the  bottom  were  found  to  be  almost  90°.  Cobalt  ions  were  found  to  be  located  only  in  four 
sites  out  of  the  ten,  Mel-B|,  Me5-A|,  Me8-Bf,  and  Mel0-5f,  as  has  been  found  with  samples 
sintered  under  P02  = 1 01 .3  kPa  [4],  Figure  4 shows  the  occupation  numbers  of  cobalt  for  the 
four  sites,  which  are  obtained  by  multiplying  die  occupation  ratio  by  each  site  number.  The 
present  results  for  P02  = 2 1 .3  kPa  are  shown  on  the  right-hand  side,  while  the  previous  our 
results  for  P02  = 101.3  kPa  on  the  left-hand.  A clear  difference  is  noticed  between  the  right- 
and  the  left-hand:  Cobalt  ions  are  distributed  over  the  four  sites  in  the  left-hand  side  while 
substantially  only  on  a site,  Me8f , in  the  right-hand.  When  x increases,  substituting  Fe2*  ions 
for  cobalt  go  dominantly  into  Mel-Bf(2a)  in  case  of  101.3  kPa,  while  into  Me8-Bf(12*)  in  case 
ofPo2-2l.3kPa. 


Occupation  number  of  Co  tons  / unit  cell 


Figure  4.  The  occupation  number  of  cobalt  ions  in  Ba;Co2  rFe2<,,04i. 
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Now  we  examine  correlation  amongst  thus  estimated  spin  orientations  of  the  sites,  moment 
sizes  of  ions  located  there  and  resultant  permeability.  As  shown  in  Table  1 , there  are  32  ions 
with  up-spin  and  20  with  down-spin  in  the  unit  cell.  The  present  our  results  indicates  that,  in  the 
sample  sintered  under  P02  = 101 .3  kPa,  the  down-spin  site,  Me5|,  is  significantly  occupied  by 
cobalt  with  smaller  magnetic  moment,  3 /&,  than  that  of  iron,  which  contributes  to  an  increase  in 
saturation  magnetization  and  then  permeability.  However,  any  down  spin  site  seemed  not  to  be 
occupied  by  cobalt  when  P02  = 21.3  kPa.  Recall  here  that  the  permeability  of  P02  = 101.3  kPa 
was  larger  than  that  of  P02  = 21 .3  kPa  [3] . These  facts  are  consistent  with  each  other,  which 
would  support  reliability  of  the  present  analyses  and  results  regarding  preferential  site  occupation 
by  cobalt  and  iron  ions. 


CONCLUSION 

We  investigated  correlation  between  permeability  and  magnetic  cation  distribution  in 
Ba3Co2.xFe24+j04i  (x  = 0, 0.2, 0.4, 0.6)  prepared  by  the  ceramic  method  under  oxygen  partial 
pressure  P 02  = 101.3  and  21.3  kPa,  and  found;  (1 ) Cobalt  ions  occupy  almost  a particular  site 
(121:)  out  of  10  sites  for  P02  = 21.3  kPa,  while  4 sites  (121, 4e,  2a  and  2d)  for  P02  = 101.3  kPa. 

(2)  The  additional  Fe2+  ions  are  mainly  substituted  for  cobalt  in  2a  site  for  P02  = 101 .3  kPa, 
while  121  site  of  P02  = 21.3kPa. 


REFERENCES 

[1]  Martha  Pardavi-Horvath,  J.  Magn.  Magn.  Mater.  215-216  (2000)  171. 

[2]  J.  Smit  and  H.PJ.  Wiin:  “Ferrites”,  Philips  Technical  Library,  Eindhoven,  The  Netherlands, 
(1959)268 

[3]  T.  Tachibana,  K.  Ohta,  T.  Shimada,  T.  Nakagawa,  T.  A.  Yamamoto,  M.  Katsura:  Proceedings 
of  the  8Ih  International  Conference  on  Ferrites  (ICF8),  Kyoto  and  Tokyo,  Japan,  JSSPM  (2000) 
888 

[4]  T.  Tachibana,  T.  Nakagawa,  Y.  Takada,  K.  Izumi,  T.  A.  Yamamoto,  T.  Shimada  and  S. 
Kawano,  J.  Magn.  Magn.  Mater,  (in  press). 

[5]  F.  Izumi  and  T.  Ikeda,  Mater.  Sci.  Forum,  321-324  (2000)  198 

[6]  M.A.Vinnik:  “PHASE  RELATIONSHIPS  IN  THE  Ba0-Co0-Fe203  SYSTEM”,  Russian 
Journal  of  Inorganic  Chemistry,  Vol.10,  No.9  (1965)  1 1 64 

17]  R.B.Braun:  “THE  CRYSTAL  STRUCTURE  OF  A NEW  GROUP  OF  FERROMAGNETIC 
COMPOUNDS”,  Philips  Res.  Rep.  12  (1957)  491 

[8]  R.A. Young:  “THE  RIETVELD  METHOD”,  Oxford  Univ.  Press,  Oxford  (1993)  Chap.  13. 

[9]  J.Smit  and  H.PJ. Wiin:  “Ferrites”,  Philips  Technical  Library,  Eindhoven,  The  Netherlands, 
(1959) 188 


54 


